Exact voltage and current anywhere on a finite transmission line (D. K. Cheng)
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Expressions for the exact phasor voltage and current:
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For a lossy line terminated with a load:
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The input impedance is
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The equivalent circuit for computing the power into the line:
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Matlab program
XlinePower.m

% conpar e nunbers for input inpedance

cl ear

zg=50; % gener at or i npedanc

z0=50; % characteristic inpedance

z| =25+j * 25; % | oad i npedance
09=(zg-z0)/(zg+z0); % generator reflection coefficient
gl =(zl -z0)/(zl +z0); % | oad reflection coefficient

% use 300 Mz so wave=1lm and lengths will be in wavel engths
wave=3e8/ le8;

L=3. 3; %Il ength of Iine in wavel engths
b=2*pi / wave; % beta, phase const ant

a=0. 001; % al pha, attenuation constant
gamFa+tj *b; % ganma

vg=1; % gener at or vol t age

vimrz0*vg/ (z0+zQ) ;
% enter value of z (z=0 is the input; z=L is the | oad)

disp(' ")

disp(['z=0 is the input; z="',nunRstr(L),"' is the load'])
%--------- cal cul ate power into the line (z=0) -------------------
z=0;,

zp=L- z;

V=vntexp(-gantz)*(1+gl *exp(-2*gantzp))/(1-gg*gl *exp(-2*gantlL));
| =vg/ (z0+zg) *exp(-ganrz) *(1- gl *exp(-2*gantzp))/ (1-gg*gl *exp(-2*ganrtlL));
Pi n=. 5*real (V*conj (1));

di sp([' power into the line using exact formulas: ', nun2str(Pin)])
% --------- cal cul ate power to the load (z=L) ---------------------
z=L;

zp=L- z;

V=vntexp(-gantz)*(1+gl *exp(-2*gantzp))/ (1-gg*gl *exp(-2*gantlL));
| =vg/ (z0+zg) *exp(-ganrz) *(1- gl *exp(-2*gantzp))/ (1-gg*gl *exp(-2*ganrtlL));
PL=. 5*real (V*conj (1));

di sp([' power to the |oad using exact formulas: ', nunRstr(PL)])
% cl osed form

zi n=z0*(zl +z0*t anh(gan¥ L))/ (z0+zl *tanh(gantL));

Vi n=vg*zi n/ (zi n+z0) ;

l'in=Vin/zin;

Pi n=.5*real (Vin*conj (lin));

di sp([' power to the load using Vin and lin: ', nun2str(Pin)])



For a lossless line, the power delivered to the load is the power into the line
if Z, =7, (no reflections at the input end of the transmission line)
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Reflections on a quarter wave transformer section
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